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Abstract
We propose an explanation of the NuTeV anomaly in terms of oscillations of electron
neutrinos into sterile neutrinos. We derive an average transition probability Pνe→νs ≃
0.21±0.07, which is compatible with other neutrino data if the mass-squared difference
that drives the oscillations is ∆m2 ∼ 10− 100 eV2.
The NuTeV collaboration measured recently [1] a value of the electroweak parameter
sin2 θW higher than the standard model prediction obtained from a fit of other electroweak
data by
sin2 θNuTeVW − sin2 θW = (5.0± 1.6)× 10−3 . (1)
In this paper we propose an explanation of this discrepancy in terms of νe → νs oscillations1,
where νs is a sterile neutrino that does not participate to weak interactions (see [3, 4]). Our
analysis is approximate and based on the limited information contained in the paper of the
NuTeV collaboration [1]. A precise analysis of NuTeV data in terms of neutrino oscillations
can be done only by the NuTeV collaboration.
The NuTeV collaboration measured the ratio of neutral current to charged current cross
sections for neutrino scattering with isoscalar targets of u and d quarks
Rν =
σ(νµ +N → ν +X)
σ(νµ +N → µ− +X)
, (2)
and the corresponding ratio Rν¯ for antineutrinos. The Paschos-Wolfenstein relation [5] allows
to derive the value of sin2 θW from R
ν and Rν¯ :
sin2 θW =
1
2
− R
ν − r Rν¯
1− r , (3)
1 Other possible explanations of the NuTeV anomaly have been discussed in Ref. [2].
1
where
r ≡ σ(ν¯µ +N → µ
+ +X)
σ(νµ +N → µ− +X)
≃ 1
2
. (4)
The NuTeV collaboration distinguishes CC and NC νµ interactions on the basis of the
length of the track in the detector: long tracks correspond to CC νµ interactions and short
tracks correspond to NC νµ interactions, plus a contribution from CC and NC νe interactions.
The number NMCνe of νe interactions calculated through a Monte Carlo is subtracted to the
number NνS of short tracks in order to obtain the number of NC νµ interactions used to
evaluate Rν :
RνNuTeV =
NνS −NMCνe
Nν
L
, (5)
where NνL = N
CC
νµ
is the number of long tracks. If νe → νs oscillations deplete the number
of νe interactions with respect to the calculated one, the number N
MC
νe
subtracted in the
numerator of Eq. (5) is too high, leading to a smaller value of RνNuTeV with respect to the
true one and, from the Paschos-Wolfenstein relation (3), a value of sin2 θNuTeVW larger than
the true sin2 θW .
In the presence of νe → νs transitions, the true number of νe interactions is
Nνe = N
MC
νe
Pνe→νe , (6)
where
Pνe→νe = 1− Pνe→νs . (7)
is the electron neutrino survival probability averaged over the energy spectrum of the NuTeV
beam. Writing
NνS = N
NC
νµ
+Nνe , (8)
from Eq. (5) the ratio RνNuTeV reported by the NuTeV collaboration is given by
RνNuTeV =
NNCνµ
NCCνµ
− N
MC
νe
NCCνµ
(1− Pνe→νe) = Rν −
NMCνe
NCCνµ
(1− Pνe→νe) , (9)
where Rν is the true value of the ratio (2). A similar relation holds for the antineutrino
ratio:
Rν¯NuTeV = R
ν¯ − N
MC
ν¯e
NCCν¯µ
(1− Pνe→νe) , (10)
with the same survival probability, because of CPT invariance (we assume that νe and ν¯e
have approximately the same energy spectrum).
The NuTeV collaboration reported that [1]
NMCνe
Nν
L
+Nν
S
≃ N
MC
ν¯e
N ν¯
L
+N ν¯
S
≃ 1.7× 10−2 . (11)
In a first approximation we have
NMCνe
NCCνµ
=
NMCνe
NNCνµ +N
CC
νµ
NNCνµ +N
CC
νµ
NCCνµ
≃ N
MC
νe
Nν
L
+Nν
S
(1 +RνNuTeV) , (12)
2
and a similar relation for NMCν¯e /N
CC
ν¯µ
. From Eq. (11) and the values RνNuTeV ≃ Rν¯NuTeV ≃ 0.4
reported by the NuTeV collaboration [1], we obtain
NMCνe
NCCνµ
≃ N
MC
ν¯e
NCCν¯µ
≃ 2.4× 10−2 . (13)
From Eqs. (7), (9), (10), (13) and the Paschos-Wolfenstein relation (3), the value
sin2 θNuTeVW reported by the NuTeV collaboration is given by
sin2 θNuTeVW =
1
2
− R
ν
NuTeV − r Rν¯NuTeV
1− r = sin
2 θW +
NMCνe
NCCνµ
Pνe→νs . (14)
Using the numerical values in Eqs. (1) and (13), we finally obtain
Pνe→νs ≃ 0.21± 0.07 . (15)
The relatively large transition probability (15) is compatible with the fact that reactor
experiments (see Ref. [6]) did not measure a disappearance of electron antineutrinos if the
mass-squared difference that drives the NuTeV oscillations is2
∆m2 ∼ 10− 100 eV2 , (16)
corresponding to an oscillation length in reactor experiments
Lreactorsosc =
4pi Ereactors
∆m2
∼ 1− 10 cm , (17)
where Ereactors ∼ 1MeV. Since the source-detector distance in reactor neutrino oscillation
experiments is larger than about 10 m, the average survival probability of electron antineu-
trinos is a constant and cannot be measured without assuming a precise knowledge of the
initial ν¯e flux.
The oscillation length corresponding to a ∆m2 in the range (16) for an energy of 100
GeV, typical of the NuTeV experiment, is
LNuTeVosc ∼ 1− 10 km , (18)
which is appropriate for the observation of transitions with the NuTeV source-detector dis-
tance of 1.5 km.
Disappearance of electron neutrinos driven by the ∆m2 given in Eq. (16) is particularly
attractive for measurements in the near future using the novel beta beam technique proposed
in Ref. [8], with a source-detector distance of the order of 10 m for a neutrino energy E &
0.1− 1GeV.
These νe → νs transitions could also be observed in other high precision accelerator short-
baseline neutrino oscillation experiments like NOMAD [9], with a source-detector distance
of the order of 1 km for a neutrino energy E & 10− 100GeV.
2 Our results may be compatible with those presented a long time ago in Ref. [7].
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A high precision measurement could be done in the long term at a neutrino factory (see
Ref. [10, 11]) with a short baseline detector located at a source-detector distance of 100 m
with a neutrino energy E & 1− 10GeV [12, 13].
The ∆m2 in Eq. (16) could be the same that drives the small ν¯µ → ν¯e oscillations
observed in the LSND experiment [14]. In this case, νµ → νe appearance will be observed in
the coming MiniBooNE experiment [15]. Simultaneous νe → νs disappearance and ν¯µ → ν¯e
appearance from neutrinos produced in µ+ → ν¯µ+ e++ νe decays3 driven by the same ∆m2
given in Eq. (16) could be easily observed at a neutrino factory with a short baseline detector
with electron charge discrimination capability [12]. The signature of νe → νs oscillations will
be a depletion in the e− energy spectrum induced by νe’s and the presence of ν¯µ → ν¯e
oscillations will be characterized unequivocally by the appearance of e+ events.
νe → νs transitions driven by the high ∆m2 in Eq. (16) contribute with an energy-
independent probability to the disappearance of solar electron neutrinos and must be taken
into account in the analysis of solar neutrino data (see [3, 4]). The energy dependence of
the solar electron neutrino disappearance probability observed in solar neutrino experiments
could be due to another very small squared-mass difference, in the framework of four-neutrino
mixing schemes compatible also with the experimental evidence of atmospheric neutrino
oscillations (see [3, 4, 16]).
The range (16) for ∆m2 is compatible with the upper limit mνe . 3 eV found in tritium
decay experiments (see Ref. [17]). Indeed, the averaged probability (15) implies approxi-
mately
sin2 2ϑ ∼ 0.4 , (19)
where ϑ is the mixing angle. Assuming a hierarchy of neutrino masses, the effective electron
neutrino mass in tritium beta-decay experiments is
mνe ≃ sin2 ϑ
√
∆m2 ∼ 0.3− 1 eV , (20)
that is compatible with the experimental upper bound.
If there is a hierarchy of neutrino masses, the effective neutrino mass in neutrinoless
double-beta decay is equal to mνe in Eq. (20). This value is compatible with the existing
experimental upper limits [18, 19] and curiously overlaps with the evidence in favor of neutri-
noless double-beta decay claimed in Ref. [20] (see, however, the discussion in Refs. [21, 22]).
The large neutrino mass implied by the ∆m2 in Eq. (16) is compatible with the cos-
mological upper bound on light neutrino masses (about 10 eV), but would have important
effects on the evolution of the universe (see Ref. [23]).
In conclusion, we have propose an explanation of the NuTeV in terms of νe → νs oscil-
lations, with the relatively large average transition probability given in Eq. (15) and a large
squared-mass difference given in Eq. (16). These transitions are compatible with the results
of other neutrino experiments and could be verified by future high-precision experiments.
Let us finally remark again that our analysis has been approximate and based on the limited
information available in the paper of the NuTeV collaboration [1]. We hope that the NuTeV
collaboration will consider seriously our suggestion and perform a precise analysis of their
data, which could lead to a determination of the allowed ranges of ∆m2 and sin2 2ϑ.
3 Or ν¯e → ν¯s disappearance and νµ → νe appearance from neutrinos produced in µ− → νµ + e− + ν¯e
decays.
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